Characterization and antibacterial activity of synthesized zeolite from natural kaolinite loaded with streptomycin by Abdul Hadi, Atieya
 CHARACTERIZATION AND ANTIBACTERIAL ACTIVITY OF 
SYNTHESIZED ZEOLITE FROM NATURAL KAOLINITE 
LOADED WITH STREPTOMYCIN  
 
 
 
 
 
 
 
ATIEYA BINTI ABDUL HADI 
 
 
 
 
 
 
 
A dissertation submitted in partial fulfilment of the  
requirements for the award of the degree of 
Master of Science 
 
 
      
Faculty of Science 
Universiti Teknologi Malaysia 
 
 
 
 
 
 
MARCH 2019 
iii 
DEDICATION 
Allah, Rasulullah S.A.W and Islam 
 
To my loving and dedicated mother,  
Sharinahanim bt Rashid who taught me that even the largest task can be 
accomplished if it is done one step at a time with love and eagerness to learn 
 
To my ever supporting and inspiring support system 
Abdul Hadi bin Mahamood, Afieqah, Sabirah, Syifa’ Auni 
akhwati fillah 
They taught me the value of grit and perseverance  
because the best kind of knowledge is gained for the sake of Allah and 
helping this ummah.  
 
And all who supported me during my research  
Jazakumullahu khoiran kaseera 
 
  
iv 
ACKNOWLEDGEMENT 
My greatest gratitude to Allah The Almighty and islam as my way of life 
because there is no strength nor power except from Him to complete my study. May 
this research brings benefit for this ummah and akhirah.  
 I would like to express my sincere gratitude to my supervisor, Assoc Prof Dr. 
Nik Ahmad Nizam bin Nik Malek for providing me full encouragement, guidance, 
motivation and such big opportunity to learn and expand my knowledge throughout 
this research.  
 
Ultimately, my sincere appreciation goes to my beloved parents, Abdul Hadi 
bin Mahamood and Sharinahanim bt Rashid; my siblings, Afieqah, Sabirah and 
Syifa’ Auni for their endless support, love, prayer, and motivation throughout my 
study here at UTM.  
 
I would also like to acknowledge my lab mates and friends for their support, 
kindness and assistance directly and indirectly during the progress of my lab work; 
Siti Nabihan Ishak, Muhammad Hariz Asraf, Muhammad Zulhilmi, Dr Faisal Hussin 
and Mustapha Isah.  
 
I greatly appreciate the staffs and lab assistants of Building T02 and Ibnu 
Sina Institute for their good service and hospitality. Without their continued support 
and interest, this dissertation would not have been the same as presented here. 
 
 
 
 
  
v 
ABSTRACT 
The escalating problems of antibiotic resistance coupled with its growing 
environmental pollution as a result of rapid release of antibiotics demands the 
development of new and efficient antibacterial agents. To overcome this problem, 
antibacterial compounds are immobilized on a carrier system such as zeolite. In this 
study, zeolite A was successfully synthesized from natural kaolinite using alkaline 
hydrothermal method with sizes ranging from 0.5 to 0.9 µm. The product was used 
as a carrier system by loading it with three concentrations of streptomycin (50 mg/L, 
100 mg/L and 200 mg/L). To characterize and validate the production of the zeolite 
A, the samples were characterized using X-ray diffraction (XRD), Fourier transform 
infrared (FTIR) spectroscopy, field emission scanning electron microscopy with 
energy dispersive X-ray (FESEM-EDX), transmission electron microscope (TEM) 
and dispersion behaviour. The XRD and FTIR results proved that zeolite A 
framework was maintained even after loading with streptomycin denoting its 
successful adsorption with minimal release. FESEM-EDX micrographs clearly 
indicated the presence of streptomycin particles on the cubic surface of zeolite A. In 
term of its dispersion behaviour, streptomycin-zeolite showed hydrophobic as 
compared to hydrophilic parent zeolite and thus, could attract bacterial cell wall. The 
antibacterial assay of the samples was conducted against Gram-negative bacteria 
(Escherichia coli ATCC 11229) and Gram-positive bacteria (Staphylococcus aureus 
ATCC 6538) through disk diffusion technique (DDT) and minimum inhibition 
concentration (MIC). The DDT results indicated that the streptomycin released into 
the media because the inhibition zone values increased proportional to the increasing 
amount of streptomycin adsorbed onto zeolite A. Both types of bacteria were 
susceptible to the modified zeolite with the lowest MIC value for Gram negative 
bacteria at 3.0 g/L in distilled water. In conclusion, the synthesized zeolite A from 
raw kaolinite is a good adsorbent for antibiotic streptomycin, generating a broad 
spectrum antibacterial activity.  
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ABSTRAK 
 Peningkatan masalah ketahanan bakteria terhadap antibiotik serta 
pencemaran alam sekitar yang semakin menjadi-jadi rentetan pembuangan sisa 
antibiotik menuntut pembangunan agen antibakteria yang baru dan lebih efisien. 
Salah satu teknik yang boleh digunakan untuk mengatasi masalah ini adalah dengan 
menggabungkan sebatian antibakteria kepada suatu sistem pembawa seperti zeolit. 
Dalam kajian ini, zeolit A telah berjaya dihasilkan daripada  kaolinit semulajadi 
menggunakan kaedah alkali hidrotermal. Produk ini digunakan sebagai ejen penjerap 
dengan pelbagai kepekatan streptomisin (50 mg/L, 100 mg/L and 200 mg/L). Untuk 
mencirikan hasil produk adalah zeolit A, sampel telah dicirikan menggunakan 
kaedah penyerakan sinar-X (XRD), spektroskopi infra-merah (FTIR), mikroskop 
imbasan pelepasan medan-serakan digabungkan dengan serakan tenaga sinar-X 
(FESEM-EDX), mikroskop penghantaran elektron (TEM) dan sifat penyebaran. 
Keputusan dari XRD dan FTIR membuktikan bahawa struktur zeolit A tidak terjejas 
selepas penjerapan streptomisin. Mikrograf FESEM-EDX menunjukkan kehadiran 
zarah streptomisin pada permukaan kubik zeolit A. Di samping itu, hasil analisis sifat 
penyebaran menunjukkan bahawa penjerapan streptomisin-zeolit meningkatkan sifat 
hidrofobik dan menggalakkan interaksi dengan dinding sel bakteria. Ujian 
antibakteria telah dilakukan terhadap bakteria Gram-negatif (Escherichia coli ATCC 
11229) dan bakteria Gram-positif (Staphylococcus aureus ATCC 6538) melalui 
teknik serakan cakera (DDT) dan kepekatan perencatan minimum (MIC). Keputusan 
DDT menunjukkan bahawa streptomisin dilepaskan sedikit demi sedikit ke dalam 
media dan saiz zon perencatan meningkat secara berkadar langsung dengan 
kepekatan streptomisin pada zeolit A. Kedua-dua jenis bakteria telah dihalang 
pertumbuhannya dengan nilai perencatan minima serendah 3.0 g/L terhadap bakteria 
Gram negatif dalam air suling. Kesimpulannya, zeolit yang diproses dari kaolinit 
semulajadi merupakan ejen penjerapan yang baik untuk streptomisin serta 
mempunyai spektrum antibakteria yang luas. 
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CHAPTER 1  
 
 
INTRODUCTION 
1.1 Problem Background  
Most of the existing bacteria in environment are actually harmless to people. 
However, the presence of pathogenic bacteria that passes resistant plasmid among 
bacteria has gradually threatening human health (Salyers and Whitt, 2002). This 
problem arose from the water pollution of antibiotics detected from hospital effluent, 
domestic water and wastewater treatment plant effluent due to improper handling and 
its extensive use (Proia et al., 2016). As a result, the balance of the bacterial 
communities was disrupted. One such example that showed antibiotic resistance of 
the bacteria include towards aminoglycoside due to its wide prescription among 
children and neonatal units at the hospital (Germovsek, Barker and Sharland, 2017). 
The emergence of multidrug resistant bacteria in the world nowadays urges the 
development of new alternative effective antibacterial agent.  
One effective way is by immobilizing the antibacterial agents with the zeolite 
carrier system (Franci et al., 2015). Zeolite is a type of aluminosilicate carrier that 
has a capability of adsorbing and retaining certain valuable compounds. This is due 
to its unique properties such as large cation exchange capacity (CEC), stable in harsh 
environment, molecular sieve property, high surface area and porosity (Lutz, 2014). 
Zeolite comprises of natural and synthetic zeolites. Both synthetic and natural 
zeolites exhibit strong affinity for water thus act as excellent adsorbent agent 
(Ghasemi and Younesi, 2011). They are widely been used for many applications 
such as catalysts, ion exchangers and adsorbents in the oil and gas industry (Azizi, 
Dehnavi and Joorabdoozha, 2013). Synthetic zeolite has advantages over the natural 
zeolite depending on its usage. However, the natural zeolite is not highly pure and it 
contains high amount of other impurities such as heavy metals and silica which are 
hazardous to human (Rios, Williams and Maple, 2007). Thus, the synthetic zeolites 
2 
which can be synthesized from various raw materials producing highly pure zeolite 
and it can be tuned based on specification and is a suitable material for antibacterial 
agent especially for human purpose (Franus, Wdowin and Franus, 2014). 
Aminoglycosides are antibiotics that are strongly cationic at physiological 
pH. These broad spectrum drug comprises of streptomycin, kanamycin, tobramycin 
and gentamicin which are used worldwide due to their high efficacy and low cost 
(Germovsek, Barker and Sharland, 2017). Aminoglycoside works effectively by 
targeting the ribosomes and thus producing defective protein (Ezraty et al., 2013). 
Since zeolite has a negative charge on its surface as well as in its framework, 
therefore the cationic aminoglycoside molecules are suitable in the modification of 
zeolite surfaces. The function of antibiotics as preventive drug and treatment of 
infection can be improved. Recent studies showed the synergistic properties of 
nanoparticles with antibiotics for enhancement of their bactericidal properties 
(Nasirmahaleh et al., 2016).  
Therefore, this study focusing on developing new alternative for effective 
antibacterial agent derived from functionalized synthetic zeolite synthesized from 
local natural kaolinite. Some types of clays that can be found abundantly in Malaysia 
are common clay, ball clay, bentonite, fire clay, and kaolinite. According to the 
Malaysian Minerals Yearbook 2013, Malaysia has abundance of clay resources 
estimated at 685 metric tons (Mt) (Pui-Kwan Tse, 2013) and there are huge 
availability of kaolinite in peninsular Malaysia. The abundance of clay deposited in 
Malaysia is mainly exploited for the production of local tile, brick, ceramic and 
plastic. The local natural kaolinite mineral from Malaysia can be used as a cheap raw 
material in the synthesis of highly pure and valuable synthetic zeolites.  
Previous findings have shown successfully synthesized several synthetic 
zeolites from kaolinite based on hydrothermal transformation of kaolinite and 
metakaolinite (Holešová et al., 2014). This porous material is proven to have high 
chemical stability, thermal resistance, safe to user and long lasting action period 
(Johnson and Arshad, 2014). The synthesized zeolite from kaolinite has been 
functionalized using several functional groups such as (3-aminopropyl) 
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triethoxysilane APTES (Hanim, Malek and Ibrahim, 2016) and quaternary 
ammonium compound (Malek and Ramli, 2015). There are also many studies of 
immobilization of antibacterial agent on zeolite such as silver ions on functionalized 
zeolite Y (Hanim et al., 2016), copper ion exchanged zeolite Y (Ahmad et al., 2018) 
and amoxicillin on surfactant modified zeolite (Nasirmahaleh et al., 2016). The latest 
study showed that copper exchanged zeolite Y from rice husk ash has antibacterial 
activity against Gram positive (Staphylococcus aureus) and Gram negative 
(Escherichia coli) bacteria (Ahmad et al., 2018). To date, there is less study done on 
synthesized zeolite from Malaysian kaolinite and used as a carrier system for 
antibiotics.  
1.2 Problem Statement  
Increasing problem with antibacterial agents due to its high release into water 
necessitates the development of a carrier system for effective antibacterial agents. 
Multidrug resistance in pathogenic bacteria has become a significant threat not only 
to public health but also to food security and development. The problem is even more 
threatening when considering the slow paced development and limited number of 
new antimicrobial agents compared to the fast adaptation of the pathogens (WHO, 
2017). For example, Enterococcus faecium is not only resistance towards antibiotics 
but also to alcohol and other antibacterial compound in disinfectant solutions in 
hospitals such as hand rub sanitizer (Pidot et al., 2018). This is a worrying fact 
because alcohol based disinfectant solutions are vital to control infections worldwide.   
Antibiotics are excellent example of antibacterial agent commercially used to 
facilitate the immune system to fight and stop the bacterial infections. A variety of 
antibiotics are available to treat infections and diseases nowadays. However, long 
term exposure to the environment and improper usage has developed antibiotic 
resistance bacteria. Resistance happen because the bacteria evaluates the surrounding 
and adapts itself to overcome the antibiotics (Rodríguez-Rojas et al., 2013). 
Therefore, an improvement for antibacterial agent is needed to inhibit bacteria 
growth and infections which can lead to more serious diseases. Various techniques 
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are used nowadays to develop new alternative effective antibacterial agent. One such 
example includes the immobilization of antibacterial compound onto a carrier system 
using zeolite (Franci et al., 2015).  
Thus, this study aims to prepare and characterize synthesized zeolite from 
kaolinite which is abundant and cheap raw material in Malaysia. There are studies 
that showed successful synthesis of zeolite from kaolinite (Ríos, Williams and 
Castellanos, 2010; Johnson and Arshad, 2014; Abdullahi, Harun and Othman, 2017). 
However, research on aminoglycoside loaded synthesized zeolite as antibacterial 
agent was scarcely reported. The efficiency of the combination was tested for their 
antibacterial activity against Gram positive and Gram negative bacteria. 
Hypothetically, streptomycin is loaded on the synthesized zeolite and will exert 
effective antibacterial activity. The presence of functional group of streptomycin 
attached on the zeolite is able to interact with the bacterial cell membrane and finally 
kill the bacteria. 
This study fit to the expected finding where the effective antibacterial agent 
can be developed from functionalized zeolite with minimal release to the 
environment. With the combination of knowledge, the zeolite from kaolinite when 
loaded with aminoglycoside is expected to enhance the antibacterial properties thus 
solving related problems. 
1.3 Research Objectives 
(a) To synthesize and characterize zeolite A from natural kaolinite as a drug 
carrier system 
(b) To load streptomycin on synthesized zeolite with different streptomycin 
concentations and characterize them 
(c) To study the antibacterial efficacy of streptomycin loaded synthesized zeolite 
and compare with the synthesized zeolite without drug 
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1.4 Scope of the study  
This study involved the hydrothermal synthesis and characterization of 
zeolite from raw kaolinite (KM40) as an aluminosilicate source. The streptomycin 
loaded synthesized zeolites were prepared by adsorbing streptomycin solution at 
different range of concentrations (50 mg/L, 100 mg/L and 200 mg/L). Raw kaolinite 
(KAO), metakaolinite (MTK), synthesized zeolite (ZEO), 50ZS, 100ZS and 200ZS 
were characterized by using Fourier transform infrared (FTIR) spectroscopy, X-ray 
diffraction (XRD), field emission scanning electron microscope (FESEM) and also 
dispersion behaviour. The antibacterial activity was then investigated using disk 
diffusion technique (DDT) and minimum inhibition concentration (MIC) against 
Gram-positive bacteria; S. aureus (ATCC 6538) and Gram-negative bacteria; E. coli 
(ATCC 11229). The overall framework of this study is shown in Figure 1.1.  
 
            Figure 1.1 Framework of the overall study 
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1.5 Significance of Study 
This study has been performed towards solving problems with antibacterial 
agents mainly the bacterial resistance and also environmental pollution caused by the 
release of the antibacterial agents into the environment. Bacterial resistance to 
antibacterial agents occur because the bacteria defend themselves from being killed 
by the antibacterial agent. Each attack from the bactericide triggers the bacteria to 
record, identify and change the permeability of its outer membrane as a defence 
mechanism. Resistance is the result of the adaptation done by the bacteria to prevent 
antibiotic from entering its cell membrane (Delcour, 2010). The emergence of 
antibiotic resistance increases the number of unknown symptoms or advance 
diseases, making the treatment more expensive and tedious. This study could provide 
more understanding of the antibiotic action in killing the bacteria. Thus the problem 
of antibacterial resistance can only be cure by advancing the development of 
effective antibacterial agent and besides reducing environmental pollution.  
In fact, the zeolite carrier system was synthesized using kaolinite as a raw 
material. As mentioned previously, the kaolinite is abundant and readily available at 
low price in Malaysia. Therefore the cost of the production can be reduced. This 
combination of synthesized zeolite and antibiotic will pave way for more research 
since the production is feasible, able to be produced in large amount and save cost. 
The functionalized zeolite is also expected to kill broad spectrum of bacteria 
according to the type of antibiotic loaded to it. Besides, the end product is safe to the 
environment and have potential to act as adsorbent when released into environment.  
 
 
 
64 
REFERENCES 
Abd Aziz, M.S., Nik Malek, N.A.N., Ishak, S.N., Asraf, M.H., Abdul Hadi, A. and 
Amir Awaluddin, M.Z. (2018). Simultaneous action of surfactant modified 
clinoptilolite: Adsorbent of dyes and antibacterial agent. Malaysian Journal of 
Fundamental and Applied Sciences.  14(0), 477–481.  
Abdullahi, T., Harun, Z. and Othman, M.H.D. (2017). A review on sustainable 
synthesis of zeolite from kaolinite resources via hydrothermal process. 
Advanced Powder Technology.  28(8). 
Ahmad, N., Nik, N., Azid, N.A., Hadi, A.A., Ishak, S.N., Asraf, H., Zulhilmi, M. and 
Awaluddin, A. (2018). Antibacterial activity of copper exchanged zeolite Y 
synthesized from rice husk ash.  (ESCon), 450–453. 
Ahmed, S., Sanni, K.A., Azeez, O.S., Saka, A.A. and Oluwafemi, S. (2018). 
Production Of 100 Kg/Day of Zeolite a as a Builder for Powdered Detergent 
from Nigerian Ahoko Kaolin Using Locally Fabricated Mini Zeolite Plant. IOP 
Conference Series: Materials Science and Engineering.  413(1), 012064.  
Alanis, A.J., (2005). Resistance to antibiotics: are we in the post-antibiotic 
era?. Archives of medical research, 36(6), pp.697-705. 
Alves, J.A.B.L.R., Dantas, E.R.S., Pergher, S.B.C., Melo, D.M.D.A. and Melo, 
M.A.F., (2014). Synthesis of high value-added zeolitic materials using glass 
powder residue as a silica source. Materials Research, 17(1), pp.213-218. 
American Type Culture Collection (2015). Certified Reference Material Biological 
standards with unprecedented reliability Only from ATCC. ISO Guide.  
034(120). 
Arab, D., Kantzas, A. and Bryant, S.L. (2018). Nanoparticle stabilized oil in water 
emulsions: A critical review. Journal of Petroleum Science and Engineering.  
163, 217–242.  
Auerbach, S.M., Carrado, K.A. and Dutta, P.K., 2003. Handbook of zeolite science 
and technology. CRC press. 
Ayele, L., Pérez-Pariente, J., Chebude, Y. and Díaz, I. (2016). Conventional versus 
alkali fusion synthesis of zeolite A from low grade kaolin. Applied Clay 
Science.  132–133, 485–490.  
 65 
Azizi, S.N., Dehnavi, A.R. and Joorabdoozha, A., (2013). Synthesis and 
characterization of LTA nanozeolite using barley husk silica: Mercury removal 
from standard and real solutions. Materials Research Bulletin, 48(5), pp.1753-
1759. 
Baerlocher, C., McCusker, L.B. and Olson, D.H., (2007). Atlas of zeolite framework 
types. Elsevier. 
Balouiri, M., Sadiki, M. and Ibnsouda, S.K. (2016). Methods for in vitro evaluating 
antimicrobial activity: A review. Journal of Pharmaceutical Analysis.  6(2), 71–
79.  
Belviso, C. (2018). State-of-the-art applications of fly ash from coal and biomass: A 
focus on zeolite synthesis processes and issues. Progress in Energy and 
Combustion Science, 65, pp.109-135. 
Berkman, S. and Henry, J. richard (2015). Adsorption of Streptomycin by 
Susceptible and Resistant Bacteria. , 65–70. 
Bessa, R. de A., Costa, L. de S., Oliveira, C.P., Bohn, F., do Nascimento, R.F., 
Sasaki, J.M. and Loiola, A.R. (2017). Kaolin-based magnetic zeolites A and P 
as water softeners. Microporous and Mesoporous Materials. 245, pp.64-72. 
Biswal, N.R. and Paria, S. (2012). Wetting of PTFE and glass surfaces by aqueous 
solutions of cationic and anionic double-chain surfactants. Industrial and 
Engineering Chemistry Research.  51(30), 10172–10178. 
Braschi, I., Blasioli, S., Buscaroli, E., Montecchio, D. and Martucci, A. (2016). 
Physicochemical regeneration of high silica zeolite Y used to clean-up water 
polluted with sulfonamide antibiotics. Journal of Environmental Sciences.  43, 
302–312.  
Breck, D.W. (1984). Zeolite molecular sieves: structure, chemistry and use. Krieger. 
Caballero, I., Colina, F.G. and Costa, J., 2007. Synthesis of X-type zeolite from 
dealuminated kaolin by reaction with sulfuric acid at high 
temperature. Industrial & engineering chemistry research, 46(4), pp.1029-1038. 
Chandrasekhar, S. (1996). Influence of metakaolinization temperature on the 
formation of zeolite 4A from kaolin. Clay Minerals, 31(2), pp. 253-261. 
Chen, H., Gao, B., Yang, L. Y., & Ma, L. Q. (2015). Montmorillonite enhanced 
ciprofloxacin transport in saturated porous media with sorbed ciprofloxacin 
showing antibiotic activity. Journal of contaminant hydrology, 173, pp. 1-7. 
Chen, S., Popovich, J., Iannuzo, N., Haydel, S.E. and Seo, D.K. (2017). Silver-Ion-
66 
Exchanged Nanostructured Zeolite X as Antibacterial Agent with Superior Ion 
Release Kinetics and Efficacy against Methicillin-Resistant Staphylococcus 
aureus. ACS Applied Materials and Interfaces.  9(45), 39271–39282. 
Chin, C.L., Ahmad, Z.A. and Sow, S.S. (2017). Relationship between the thermal 
behaviour of the clays and their mineralogical and chemical composition: 
Example of Ipoh, Kuala Rompin and Mersing (Malaysia). 143(March), 327–
335. 
Clinical and Laboratory Standards Institute (2015). Clinical and Laboratory 
Standards Institute. Methods for dilution antimicrobial susceptibility tests for 
bacteria that grow aerobically. Document M07 A6. Wayne (PA): The Institute; 
2003. CLSI. 
Colella, C. and Gualtieri, A.F., (2007). Cronstedt’s zeolite. Microporous and 
Mesoporous Materials, 105(3), pp.213-221. 
Craig, W.A. (2011). Optimizing Aminoglycoside Use. Critical Care Clinics. 
Czarna, D., Baran, P., Kunecki, P., Panek, R., Żmuda, R. and Wdowin, M. (2018). 
Synthetic zeolites as potential sorbents of mercury from wastewater occurring 
during wet FGD processes of flue gas. Journal of Cleaner Production.  172, 
2636–2645.  
Dąbrowski, A. (2001). Adsorption—from theory to practice. Advances in colloid and 
interface science, 93(1-3), pp. 135-224. 
Davis, B. D. (1987). Mechanism of bactericidal action of 
aminoglycosides. Microbiological reviews, 51(3), pp. 341. 
Delcour, A.H. (2010). Outer Membrane Permeability and Antibiotic Resistance.  
1794(5), 808–816. 
Diaz, I. and Mayoral, A. (2011). TEM studies of zeolites and ordered mesoporous 
materials. Micron.  42(5), 512–527.  
Donovick, R., Bayan, A. P., Canales, P., & Pansy, F. (1948). The Influence of 
Certain Substances on the Activity of Streptomycin: III. Differential Effects of 
Various Electrolytes on the Action of Streptomycin. Journal of 
bacteriology, 56(1), p. 125. 
Ezraty, B., Vergnes, A., Banzhaf, M., Duverger, Y., Huguenot, A., Brochado, A.R., 
Su, S.Y., Espinosa, L., Loiseau, L., Py, B. and Typas, A., (2013). Fe-S cluster 
biosynthesis controls uptake of aminoglycosides in a ROS-less death 
pathway. Science, 340(6140), pp.1583-1587. 
 67 
Fabbri, B., Gualtieri, S. and Leonardi, C. (2013). Modifications induced by the 
thermal treatment of kaolin and determination of reactivity of metakaolin. 
Applied Clay Science.  73(1), 2–10.  
Franci, G., Falanga, A., Galdiero, S., Palomba, L., Rai, M., Morelli, G. and Galdiero, 
M. (2015). Silver nanoparticles as potential antibacterial agents. Molecules.  
20(5), 8856–8874. 
Franus, W., Wdowin, M. and Franus, M. (2014). Synthesis and characterization of 
zeolites prepared from industrial fly ash. Environmental Monitoring and 
Assessment.  186(9), 5721–5729. 
Genç, N., & Dogan, E. C. (2015). Adsorption kinetics of the antibiotic ciprofloxacin 
on bentonite, activated carbon, zeolite, and pumice. Desalination and Water 
Treatment, 53(3), pp. 785-793. 
Germovsek, E., Barker, C.I. and Sharland, M. (2017). What do I need to know about 
aminoglycoside antibiotics?. Archives of Disease in Childhood-Education and 
Practice, 102(2), pp.89-93. 
Gora, L., Streletzky, K., Thompson, R.W. and Phillies, G.D. (1997). Study of the 
crystallization of zeolite NaA by quasi-elastic light-scattering spectroscopy and 
electron microscopy. Zeolites, 18(2-3), pp.119-131. 
Gougazeh, M. and Buhl, J.C. (2014). Synthesis and characterization of zeolite A by 
hydrothermal transformation of natural Jordanian kaolin. Journal of the 
Association of Arab Universities for Basic and Applied Sciences.  15(1), 35–42.  
Hanim, S.A.M., Malek, N.A.N.N. and Ibrahim, Z. (2016). Amine-functionalized, 
silver-exchanged zeolite NaY: Preparation, characterization and antibacterial 
activity. Applied Surface Science.  360, 121–130.  
Henriques, S.T. and Craik, D.J. (2012). Importance of the cell membrane on the 
mechanism of action of cyclotides. ACS chemical biology.  7(4), 626–36.  
Holešová, S., Valášková, M., Hlaváč, D., Madejová, J., Samlíková, M., Tokarský, J. 
and Pazdziora, E. (2014). Antibacterial kaolinite/urea/chlorhexidine 
nanocomposites: Experiment and molecular modelling. Applied Surface 
Science.  305, 783–791.  
Inada, M., Eguchi, Y., Enomoto, N. and Hojo, J. (2005). Synthesis of zeolite from 
coal fly ashes with different silica–alumina composition. Fuel.  84(2–3), 299–
304.  
J Jha, B. and Singh, D.N. (2016). Basics of Zeolites. In Fly Ash Zeolites (pp. 5-31). 
68 
Springer, Singapore. 
Jiraroj, D., Tungasmita, S. and Tungasmita, D.N. (2014). Silver ions and silver 
nanoparticles in zeolite A composites for antibacterial activity. Powder 
Technology.  264, 418–422.  
Johnson, E.B.G. and Arshad, S.E. (2014). Hydrothermally synthesized zeolites based 
on kaolinite: A review. Applied Clay Science.  97–98, 215–221. 
Kandel, R. (2018). Potential of using aluminosilicates for removal of heavy metals 
and mycotoxins from feed and water (Master's thesis, Norwegian University of 
Life Sciences, Ås). 
Karel, F.B., Koparal, A.S. and Kaynak, E. (2015). Development of Silver Ion Doped 
Antibacterial Clays and Investigation of Their Antibacterial Activity. Advances 
in Materials Science and Engineering.  2015, 1–6.  
Khan, M. I., Khan, H. U., Azizli, K., Sufian, S., Man, Z., Siyal, A. A., ... & ur 
Rehman, M. F. (2017). The pyrolysis kinetics of the conversion of Malaysian 
kaolin to metakaolin. Applied Clay Science, 146, 152-161. 
Khanday, W.A. and Hameed, B.H. (2018). Zeolite-hydroxyapatite-activated oil palm 
ash composite for antibiotic tetracycline adsorption. Fuel.  215(October 2017), 
499–505.  
Kleyi, P. E., Ray, S. S., Abia, A. L. K., Ubomba-Jaswa, E., Wesley-Smith, J., & 
Maity, A. (2016). Preparation and evaluation of quaternary imidazolium-
modified montmorillonite for disinfection of drinking water. Applied Clay 
Science, 127, 95-104. 
Krause, K.M., Serio, A.W., Kane, T.R. and Connolly, L.E.(2016). Aminoglycosides: 
an overview. Cold Spring Harbor perspectives in medicine, 6(6), p. 027029. 
Laage, D., Elsaesser, T. and Hynes, J.T. (2017). Water Dynamics in the Hydration 
Shells of Biomolecules. Chemical reviews.  117(16), 10694–10725.  
Li, H., Jin, J., Wu, W., Chen, C., Li, L., Li, Y., Zhao, W., Gu, J., Chen, G. and Shi, 
J.L., (2011). Synthesis of a hierarchically macro-/mesoporous zeolite based on a 
micro-emulsion mechanism. Journal of Materials Chemistry, 21(48), pp.19395-
19401. 
Li, J., Corma, A. and Yu, J. (2015). Synthesis of new zeolite structures. Chemical 
Society Reviews.  44(20), 7112–7127.  
Loiola, A.R., Andrade, J.C.R.A., Sasaki, J.M. and da Silva, L.R.D. (2012). Structural 
analysis of zeolite NaA synthesized by a cost-effective hydrothermal method 
 69 
using kaolin and its use as water softener. Journal of Colloid and Interface 
Science.  367(1), 502–508.  
Lu, L., Gao, M., Gu, Z., Yang, S., & Liu, Y. (2014). A comparative study and 
evaluation of sulfamethoxazole adsorption onto organo-
montmorillonites. Journal of Environmental Sciences, 26(12), 2535-2545. 
Lutz, W. (2014). Zeolite Y: Synthesis, modification, and properties - A case 
revisited. Advances in Materials Science and Engineering.  2014. 
Maesen, T. and Marcus, B., 2001. The zeolite scene—an overview. In Studies in 
surface science and catalysis (Vol. 137, pp. 1-9). Elsevier. 
Malaysian Minerals, 2016. Mineral resources. Available at 
http://malaysianminerals.com/index.php?option=com_content&task=view&id=
21&Itemid=45  
Malek, N. A. N. N., & Malek, N. S. (2012). Modification of synthetic zeolites by 
quaternary ammonium compounds and its antibacterial activity against Bacillus 
subtilis. APCBEE Procedia, 3, 134-139. 
Malek, N.A.N.N. and Ramli, N.I. anah (2015). Characterization and antibacterial 
activity of cetylpyridinium bromide (CPB) immobilized on kaolinite with 
different CPB loadings. Applied Clay Science.  109–110, 8–14. 
Mallapur, V.P. and Oubagaranadin, J.U.K. (2017). A Brief Review on the Synthesis 
of Zeolites from Hazardous Wastes. Transactions of the Indian Ceramic 
Society. 
Maryan, A. S., & Montazer, M. (2015). Natural and organo-montmorillonite as 
antibacterial nanoclays for cotton garment. Journal of Industrial and 
Engineering Chemistry, 22, 164-170. 
Mcfarland, J. (1907). The nephelometer: An instrument for estimating the number of 
bacteria in suspensions used for calculating the opsonic index and for vaccines. 
Journal of the American Medical Association. 
Meanwell, R.J.L. and Shama, G. (2005). Direct FTIR assay of streptomycin in agar. 
Biotechnology Letters.  27(20), 1629–1631. 
Melinte, G., Georgieva, V., Springuel-Huet, M.-A., Nossov, A., Ersen, O., 
Guenneau, F., Gedeon, A., Palčić, A., Bozhilov, K.N., Pham-Huu, C., Qiu, S., 
Mintova, S. and Valtchev, V. (2015). 3D Study of the Morphology and 
Dynamics of Zeolite Nucleation. Chemistry - A European Journal.  21(50), 
18316–18327.  
70 
Mohamed, R. M., Mkhalid, I. A., & Barakat, M. A. (2015). Rice husk ash as a 
renewable source for the production of zeolite NaY and its 
characterization. Arabian Journal of Chemistry, 8(1), 48-53. 
Mohd Hanim, S.A., Malek, N.A.N.N., Ibrahim, Z., Mad Salim, M., Ramli, N.I., 
Sarah, N.S. and Azam, M.A. (2015). Antibacterial Activity of Amine-
Functionalized Zeolite NaY against Staphylococcus aureus ATCC6538 and 
Escherichia coli ATCC11229. Applied Mechanics and Materials.  761, 402–
406.  
Moisés, M. P., da Silva, C. T. P., Meneguin, J. G., Girotto, E. M., & Radovanovic, E. 
(2013). Synthesis of zeolite NaA from sugarcane bagasse ash. Materials 
Letters, 108, 243-246. 
Moshoeshoe, M., Nadiye-Tabbiruka, M.S. and Obuseng, V. (2017). A Review of the 
Chemistry, Structure, Properties and Applications of Zeolites. American Journal 
of Materials Science. 
Murray, H.H. (2006). Kaolin applications. Applied Clay Mineralogy — Occurrences, 
Processing and Application of Kaolins, Bentonites, Palygorskite-Sepiolite, and 
Common Clays. 
Nasirmahaleh, H. H., Safi, S. Z., Sazegar, M. R., Qvist, R., Ismail, I. S. B., Ashraf, 
M. A., & Malek, N. A. N. N. (2016). Adsorption of Amoxicillin on Surfactant 
Modified Zeolites and their Antibacterial Activity. Research Journal of 
Biotechnology Vol, 11, 9. 
Noor El-Din, M.R. and Al-Sabagh, A.M. (2012). Preparation of Water-in-Hexane 
Nanoemulsions Using Low Energy Emulsification Method. Journal of 
Dispersion Science and Technology.  33(1), 68–74.  
Novembre, D., Di Sabatino, B., Gimeno, D. and Pace, C. (2011). Synthesis and 
characterization of Na-X, Na-A and Na-P zeolites and hydroxysodalite from 
metakaolinite. Clay Minerals, 46(3), pp. 339-354. 
Oliveira, R., Azeredo, J., Teixeira, P., & Fonseca, A. P. (2001). The role of 
hydrophobicity in bacterial adhesion. pp. 11–22. 
Pan, M., Zheng, J., Liu, Y., Ning, W., Tian, H. and Li, R. (2019). Construction and 
practical application of a novel zeolite catalyst for hierarchically cracking of 
heavy oil. Journal of Catalysis.  369, 72–85.  
Papadakis, V.G. and Tsimas, S. (2002). Supplementary cementing materials in 
concrete: Part I: efficiency and design. Cement and concrete research, 32(10), 
 71 
pp.1525-1532. 
Pasković, I., Pecina, M., Bronić, J., Perica, S., Ban, D., Ban, S.G., Pošćić, F., Palčić, 
I. and Herak Ćustić, M. (2018). Synthetic Zeolite A as Zinc and Manganese 
Fertilizer in Calcareous Soil. Communications in Soil Science and Plant 
Analysis. 
Pereyra, A.M., Gonzalez, M.R., Rosato, V.G. and Basaldella, E.I. (2014). A-type 
zeolite containing Ag+/Zn2+ as inorganic antifungal for waterborne coating 
formulations. Progress in Organic Coatings.  77(1), 213–218.  
Petrov, I. and Michalev, T. (2012). Synthesis of Zeolite A: A Review. Semantic 
Scholar.  (51, Book 9.1), 30–35.  
Pidot, S.J., Gao, W., Buultjens, A.H., Monk, I.R., Guerillot, R., Carter, G.P., Lee, 
J.Y.H., Lam, M.M.C., Grayson, M.L., Ballard, S.A., Mahony, A.A., Grabsch, 
E.A., Kotsanas, D., Korman, T.M., Coombs, G.W., Robinson, J.O., Da Silva, 
A.G., Seemann, T., Howden, B.P., Johnson, P.D.R. and Stinear, T.P. (2018). 
Increasing tolerance of hospital Enterococcus faecium to handwash alcohols. 
Science Translational Medicine. 10(452). 
Poniedziałek, K., Strzemiecka, B., Kasperkowiak, M. and Bielicka-Daszkiewicz, K. 
(2017). Assessment of the adsorption strength of fragrances on zeolites via 
solid-phase extraction. Journal of Liquid Chromatography & Related 
Technologies.  40(7), 353–360.  
Porcher, F., Dusausoy, Y., Souhassou, M. and Lecomte, C. (2000). Epitaxial growth 
of zeolite X on zeolite A and twinning in zeolite A: structural and topological 
analysis. Mineralogical Magazine.  64(1), 1–8.  
Proia, L., Von Schiller, D., Sànchez-Melsió, A., Sabater, S., Borrego, C.M., 
Rodríguez-Mozaz, S. and Balcázar, J.L. (2016). Occurrence and persistence of 
antibiotic resistance genes in river biofilms after wastewater inputs in small 
rivers. Environmental Pollution.  210, 121–128. 
Pui-Kwan Tse (2016). 2012 Minerals Yearbook: Manganese. 
Pui-Kwan Tse (2013). The Mineral Industry of Malaysia: Minerals Yearbook 2013. 
US Geological Survey, US Dept of Interior. 4 (15), pp. 1-7.  
Ramirez, M. S., & Tolmasky, M. E. (2010). Aminoglycoside modifying 
enzymes. Drug Resistance Updates, 13(6), 151-171. 
Rapacz-Kmita, A., Bućko, M.M., Stodolak-Zych, E., Mikołajczyk, M., Dudek, P. 
and Trybus, M. (2017). Characterisation, in vitro release study, and antibacterial 
72 
activity of montmorillonite-gentamicin complex material. Materials Science 
and Engineering C.  70, 471–478. 
Reddi, B.A.J. (2013). Why is saline so acidic (and does it really matter?). 
International journal of medical sciences.  10(6), 747–50.  
Rios, C. a., Williams, C.D. and Maple, M.J. (2007). Synthesis of Zeolites and 
Zeotypes by Hydrothermal transformation of Kaolinite and Metakaolinite. 
Bistua.  5(1), 15–26.  
Ríos, C.A., Williams, C.D. and Castellanos, O.M. (2010). Synthesis of zeolite LTA 
from thermally treated kaolinite. Revista de la Facultad de Ingeniería de 
Antioquía.  53, 30–41. 
Ríos, C.A., Williams, C.D. and Fullen, M.A. (2009). Nucleation and growth history 
of zeolite LTA synthesized from kaolinite by two different methods. Applied 
Clay Science.  42(3–4), 446–454.  
Ríos, C.A., Williams, C.D. and Roberts, C.L. (2008). Removal of heavy metals from 
acid mine drainage (AMD) using coal fly ash, natural clinker and synthetic 
zeolites. Journal of Hazardous Materials.  156(1–3), 23–35. 
Rodríguez-Rojas, A., Rodríguez-Beltrán, J., Couce, A., & Blázquez, J. (2013). 
Antibiotics and antibiotic resistance: a bitter fight against 
evolution. International Journal of Medical Microbiology, 303(6-7), 293-297. 
Saengmee-anupharb, S., Srikhirin, T., Thaweboon, B., Thaweboon, S., 
Amornsakchai, T., Dechkunakorn, S. and Suddhasthira, T. (2013). 
Antimicrobial effects of silver zeolite, silver zirconium phosphate silicate and 
silver zirconium phosphate against oral microorganisms. Asian Pacific Journal 
of Tropical Biomedicine. 
Salim, M.M., Ahmad, N. and Malek, N.N. (2017). Review of modified Zeolites by 
surfactant and Silver as antibacterial agents. Journal of Advanced Research in 
Materials Science.  36(1), 1–20. 
Salim, M. M., & Malek, N. A. N. N. (2016). Characterization and antibacterial 
activity of silver exchanged regenerated NaY zeolite from surfactant-modified 
NaY zeolite. Materials Science and Engineering: C, 59, 70-77. 
Salyers, A. A., & Whitt, D. D. (2002). A molecular approach. Bacterial 
pathogenesis, 53-100. 
Sánchez, M.J., Mauricio, J.E., Paredes, A.R., Gamero, P. and Cortés, D. (2017). 
Antimicrobial properties of ZSM-5 type zeolite functionalized with silver. 
 73 
Materials Letters.  191, 65–68. 
Santini, E., Guzmán, E., Ferrari, M. and Liggieri, L. (2014). Emulsions stabilized by 
the interaction of silica nanoparticles and palmitic acid at the water–hexane 
interface. Colloids and Surfaces A: Physicochemical and Engineering Aspects.  
460, 333–341.  
Saraswati, I. (2016). Zeolite-A Synthesis from Glass. Jurnal Sains dan 
Matematika. 23(4), 112-115. 
Scheffers, D. J., & Pinho, M. G. (2005). Bacterial cell wall synthesis: new insights 
from localization studies. Microbiology and molecular biology reviews, 69(4), 
585-607. 
Selvamuthumari, J., Meenakshi, S., Ganesan, M., Nagaraj, S. and Pandian, K. 
(2016). Antibacterial and catalytic properties of silver nanoparticles loaded 
zeolite: green method for synthesis of silver nanoparticles using lemon juice as 
reducing agent. Nanosystems: Physics, Chemistry, Mathematics.  7(4), 768–773. 
Seo, J.S., Whang, D., Lee, H., Im Jun, S., Oh, J., Jeon, Y.J. and Kim, K. (2000). A 
homochiral metal–organic porous material for enantioselective separation and 
catalysis. Nature, 404(6781), p.982. 
Shahinuzzaman, M., Yaakob, Z., & Ahmed, Y. (2017). Non-sulphide zeolite catalyst 
for bio-jet-fuel conversion. Renewable and Sustainable Energy Reviews, 77, 
1375-1384. 
Shaikh, I.R., Shaikh, R.A., Shaikh, A.A., War, J.A., Hangirgekar, S.P., Shaikh, A.L., 
Shaikh, P.R. and Shaikh, R.R. (2015). H-ZSM-5 Zeolite Synthesis by Sourcing 
Silica from the Wheat Husk Ash: Characterization and Application as a 
Versatile Heterogeneous Catalyst in Organic Transformations including Some 
Multicomponent Reactions. Journal of Catalysts 2015. 
Shakil, S., Khan, R., Zarrilli, R. and Khan, A.U. (2008). Aminoglycosides versus 
bacteria - A description of the action, resistance mechanism, and nosocomial 
battleground. Journal of Biomedical Science. 
Sherman, J. D. (1999). Synthetic Zeolites and Other Microporous Oxide Molecular 
Sieves. Proceedings of the National Academy of Sciences of the United States of 
America. 96, 3471-3478 
Shoumkova, A. and Stoyanova, V. (2013). SEM-EDX and XRD characterization of 
zeolite NaA, synthesized from rice husk and aluminium scrap by different 
procedures for preparation of the initial hydrogel. Journal of Porous Materials. 
74 
Silhavy, T.J., Kahne, D. and Walker, S. (2010). The bacterial cell envelope. Cold 
Spring Harbor perspectives in biology. 
de Sousa, D.N.R., Insa, S., Mozeto, A.A., Petrovic, M., Chaves, T.F. and Fadini, P.S. 
(2018). Equilibrium and kinetic studies of the adsorption of antibiotics from 
aqueous solutions onto powdered zeolites. Chemosphere.  205, 137–146.  
Summers, A. O. (2002). Generally overlooked fundamentals of bacterial genetics and 
ecology. Clinical Infectious Diseases, 34 (Supplement_3), S85-S92. 
Syafawani, N., Saad, S., Ahmad, N. and Nik, N. (2016). Jurnal Teknologi.  2, 127–
132. 
Tavasoli, M., Kazemian, H., Sadjadi, S. and Tamizifar, M. (2014). Synthesis and 
characterization of zeolite nay using kaolin with different synthesis methods. 
Clays and Clay Minerals. 
Thungngern, P., Amnaphiang, P., Asawaworarit, P., Goodwin, V., Chollacoop, N. 
and Eiad-Ua, A. (2017). Influence of Temperature and Alkaline Activation for 
Synthesis Zeolite A from Natural Kaolin. Key Engineering Materials.  751, 
410–416. 
Tosheva, L., Belkhair, S., Gackowski, M., Malic, S., Al-Shanti, N. and Verran, J. 
(2017). Rapid screening of the antimicrobial efficacy of Ag zeolites. Colloids 
and Surfaces B: Biointerfaces.  157, 254–260. Available at: 
http://dx.doi.org/10.1016/j.colsurfb.2017.06.001. 
Treacy, M.M.J. and and Higgins, J.B. (2001). Collection of Simulated XRD Powder 
Patterns for Zeolites Editors : 
Turnidge, J. (2003). Pharmacodynamics and dosing of aminoglycosides. Infectious 
Disease Clinics of North America. 
Ugur, A. and Ceylan, Ö. (2003). Occurrence of resistance to antibiotics, metals, and 
plasmids in clinical strains of Staphylococcus spp. Archives of Medical 
Research. 
Vila-Sanjurjo, A., Lu, Y., Aragonez, J.L., Starkweather, R.E., Sasikumar, M. and 
O’Connor, M. (2007). Modulation of 16S rRNA function by ribosomal protein 
S12. Biochimica et Biophysica Acta (BBA) - Gene Structure and Expression.  
1769(7–8), 462–471.  
Wajima, T. and Ikegami, Y. (2010). Synthesis of zeolite-X from waste porcelain 
using alkali fusion. In Ceramic Transactions. 
Wang, J.Q., Huang, Y.X., Pan, Y. and Mi, J.X. (2014). Hydrothermal synthesis of 
 75 
high purity zeolite A from natural kaolin without calcination. Microporous and 
Mesoporous Materials.  199, 50–56.  
Wang, S. and Peng, Y. (2010). Natural zeolites as effective adsorbents in water and 
wastewater treatment. Chemical Engineering Journal. 
Wang, T., Lu, X. and Yan, Y. (2010). Synthesis, characterization and crystallization 
mechanism of SAPOs from natural kaolinite. Microporous and Mesoporous 
Materials. 
Wanger, A. (2015). Antibiotic susceptibility testing. In Practical Handbook of 
Microbiology, Third Edition. 
Weinberg, E.D. (1957). the Mutual Effects of Compounds and Metallic Cations the 
Mutual Effects of Antimicrobial Compounds and Metallic Cations. Drugs., 46–
68. 
WHO, W.H.O. (2017). Antibacterial Agents in Clinical Development, 
Wu, Q., Li, Z. and Hong, H. (2013). Adsorption of the quinolone antibiotic nalidixic 
acid onto montmorillonite and kaolinite. Applied Clay Science. 
Yao, J.D.C.. and Moellering Jr., R.C. (2007). Antibacterial agents. Manual of 
Clinical Microbiology.  65, 1043–1081. 
Yusoff, M., Sulaiman, M., Masilana, M., Choo, T.F. and Julie, A.M. (2007). 
Production of high purity alumina and zeolite from low-grade kaolin. 
In Advanced Materials Research (Vol. 29, pp. 187-190). Trans Tech 
Publications. 
Younesi, H. and Ghasemi, Z. (2011). Preparation and characterization of nanozeolite 
NaA from rice husk at room temperature without organic additives. Journal of 
Nanomaterials. 
Youssef, H.F., Hegazy, W.H. and Abo-almaged, H.H. (2015). Preparation and 
characterization of micronized zeolite Na-A: cytotoxic activity of silver 
exchanged form. Journal of Porous Materials.  22(4), 1033–1041. 
Yun, Y. (2014). Characterization of crystalline materials by rotation electron 
diffraction, 
Yusof, A.M., Nizam, N.A. and Rashid, N.A.A. (2010). Hydrothermal conversion of 
rice husk ash to faujasite-types and NaA-type of zeolites. Journal of Porous 
Materials.  17(1), 39–47. 
Zapata, P.A., Faria, J., Ruiz, M.P., Jentoft, R.E. and Resasco, D.E. (2012). 
Hydrophobic Zeolites for Biofuel Upgrading Reactions at the Liquid− Liquid 
76 
Interface in Water/Oil Emulsions. American Chemical Society. 
Zhang, Y., Leng, Z., Zou, F., Wang, L., Chen, S.S. and Tsang, D.C.W. (2018). 
Synthesis of zeolite A using sewage sludge ash for application in warm mix 
asphalt. Journal of Cleaner Production. 
Zhou, C., Alshameri, A., Yan, C., Qiu, X., Wang, H. and Ma, Y. (2013). 
Characteristics and evaluation of synthetic 13X zeolite from Yunnan’s natural 
halloysite. Journal of Porous Materials. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
